
settled In the laboratory pror to the thckenng tests as shown in Fgure I.The 
Cambridge CSO was settled In the detenton tank Itself and twoseparate 

samples were used for the thckenng tests as shown In Fgure 2.Bench-scale 
tests conssted of gravty, flotaton, and centrlfugatlonthckenng.The 

average 

quanttes of sludge requrng dewaterng treatment for the twostes were calculated 
to be approximately 131 cu m (34700 gal.) and 68 cu m(8,000 gal.) on a per 

storm event bass (Tabl 2). The chemcal clarfcaton of Mlwaukee (Humboldt 
Avenue) tank contents produced a resdualwth 1.74% solids whle the resdue 

samples obtaned from Cam¬brdge showed 4.4% and 11% solds for two separate 
samples. The flux con¬centraton curves (see Appendx B for detals of 

curve constructon) forthe gravty thckenng tests for Mlwaukee and Cambrdge 
samples are shownIn Fgures 3 and 4. From these curves It can be seen that 

for Mlwaukee,the slude could be concentrated to 6% solids at an allowable 
mass loadngrate of approximately 45 (9 ft/day). The correspondngconcentraton 

level acheved for the Cambrdge slude was 14% solds wththe more 
concentrated raw sample at 60 kg/sq mday (32 Ibs/sq ft/day)wthout any 

chemcals. 
The results of the flotaton thckenng tests forthe two stes are 

shown n Fgures 5 through 8. It was found essental touse flocculatng checals 
such as 05C and Dw C-4) to ad flotation. Optmum fotaton thckenng 

resutswere cheved at recycle rates between 300 and 600% and polyelectrolytedosaes 
between and 3 kg/m ton (2 to 6 Scum solds concen¬tratons of 

to 14% for Mlwaukee and 6 to 8% for Cambrdge sample (wththe 4.4% solds 
raw sample) at the above entoned optimum chemcal dosagesand recycle 

rates were achieved. The results of the centrfuge tests forthe two storae 
tank resduals are presented Tables 8 and 9- Aganoptium results were acheved 

wth the ad of the polyelectrolyte, Optmum solds recoveries were 
acheved 

at gravtational forcebetween 700 and 1,000 and spn time between 

60 and 120 seconds. Cakesolds between 30 and 3% could easily be achieved 
for both sludges underoptimum conditons.A summary of the estmated area and 

cost requrements of various dewaterngtechnques under optmum treatment 
condtons for the two storage/settlngtype treatment sites Is shown In 

Table 10. The total 

annual 
costs shown nths table Include the amortized capta costs, operatng 

costs and thecost of haulng the ultimate treatment resduals to a landfll 
area. 

It salso assumed that the supernatant lqud can be dschargedto the 
dryweather treatment facltes. Addtonal detals of the costestmates are 

presented 
n Appendx C. For comparison, vacuum ftratontreatment cots are also 

Included ba on engneerng udgment and flterperformance for other sludges 
evaluated In ths study. Examnaton ofTable 10 shows that was the opmum 

dewaterng process basedon performance, area and cost requreents for 
both 

the storage treatmentsites evaluated n this study.Philadelpha, PAAs 
mentioned earler, the backwash produced from the mcro"28 
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screenng treatment of CSO are qute dilute In nature and of these wastes Is 
necessary pror to any dewatering. Because of the manydfficulties experenced 

n collecting a sutable sludge sample from thssite. a snthetc waste sample 
was produced for bench-scale dewaterng tetsby flushng the site drainage 

area with fre hydrant water. It was hopedthat the waste sample produced 
would be simlar to the actual screen back¬wash waste. However, only an 

extremely 
lmted amount of concentratedsludge sample could be generated 

by 
the hydrant flushng and the data ob¬tained was highly questonable. It 

was felt that any conclusions dervedfrom such data would not be meanngful 
and may be msleading. Therefore,It was decded to omt the data from the 

treatment feasbilty tests forths site. However, evaluations were conducted 
on the pump/bleedbackconcept for ths wastewater, and are presented 

In Secton VII of this report.B. PHYSICAL/CHEMCAL TREATMENTThree samples of 

resdua were obtained under ths 

category of CSO treatment.Two of these samples were procured from flotatontreatment 
faclties In Mlwaukee and Racine W. The third sample wasobtaned 

from 
the flotaton treatment facilty In San FranciscoCA.Racne. WlTwo 

separate samples of the combined screen backwash and flotaton scumfrom the sludge 

holding 
tank 

were obtained In Racne. A schematic of thevarous dewatering tests 
conducted on these samples Is shown in Fgure 9.The average quantity of the 

resduals (both floated scum and screen back¬wah) requirng handlng and/or 
treatment on a per storm basis for theRacne faclity s estmated to be W cu 

m (121.000 gal.) at a suspendedsolds concentraton of 8.30 mg/1 (Table 
2). The flux concentratoncurve for the gravity thckenng tests for Racne 

sludge Is shown n Fgure0. The sludge settled extremey wel wth and 

wthout chemcals. Usngthe and (8) and (9) method of gravty thckeninganalyss, 
underflow concentratons greater than 5 solids could be expectedat 

extremely hgh sold loadng rates In exces of 2,000 kg/sq mday00 Ibs/sq 
The results of the flotaton thckenng tests are shown In Fgures II and 12Additon 

of 0.2 kg/m ton (0 of 1AI polymer helped toproduce better flotaton 
thickenng 

results. 

Solds concentrations of upto 8 could be estimated for the thickened scum. 
However, due to the dutenature of the sludge, when a sample was gravity 

thckened frst to about 7%solds and then flotaton thckened, solds 
concentrations 

of to 19could be acheved. Optimum recycle rates were between 300 

and 00% andmass loading rates of 200250 kg/sq m/day Ibs/sq ft/day) could 
besuccessfuly utlzedThe results of the centrfuge tests for Racne sludge 

are presented in Table11. Several samples were tested for centrlfugatlon 
at varous feed soldlevels shown In the table. Generally the test showed 
amenabity of the38 
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sludge to centrfugation. Addton of chemcal aded centrlfu¬gatlon but dd not 
provide very signfcant Improvement In the results.Sludge samples wthout 
pror gravity thckenng showed hgh cake solids(20-30%) but the 11ty of 

ths sludge was found to be poor, indicatngthat a basket type centrfuge would 
be required for dret sludge centrifuga¬ton as opposed to a scroll type centrifuge. 

However when the raw sludge thckened pror to centrlfugatlon, cake 
solids as hgh as 30 to35% could be achieved for a scroll type centrfuge. 

Optimum solids recover¬ies were acheved at gravtatonal forces between 600 and 
1,000 G andspn tme between 60 and 120 seconds.Vacuum fltraton test 

results for Racne sudge are presented 

In Table 12. Funnel tests ndcated that lme at a dosage of 147 kg/m ton(294 
In conuncton wth polyelectrolyte. IAI, ata dosage of 0.7 kg/m ton 
(1.4 Ibs/ton) provded optmum reults for vacuumfltration on sludge samples 

with a feed solds concentrationof approximately 3%. Optimum cake solds 
(20 to 25%) wth good cake ds¬charge characteristcs were observed wth ether 

4/1 satn amentor a 7/1 satin lament cloth. Optmum yeld rates were 
between 14 to18 kg/sq (2.9 to 3.7 Ibs/sq at a submergence of 37.5%. It 
wasalso 

observed that sludge may be free dranng and therefore amenable 
todewatering 

va gravty dranng. In ths regard, one lter of sludgetreated wth . 
kg/m ton (2.2 Ibs/ton) IAI was poured on to an open weavefilter cloth (1/ 

plan weave, 30x25 threads per inch).After gravity dran of several 
seconds the cloth was wrapped around the sludge to form a ball* The sludge 

ball was then compressed byhand to further the sludge. The fltrate volume 
was 910 ml. Cakesolds were 24.6% and filtrate suspended solds were 

405 mg/1. No problemwas encountered wth dscharge from the cloth meda. Ths 
Indcates thata gravity dran-compresson or flter press type dewatering 

may beapplicable for such CSO sludges.Mlwaukee, Wl (Hawley Road)A sudge 
sample of the floated scum without any screen backwash water wasobtained 

from the Hawley Road treatment facilty for bench-scale tests. 
Aschematic of the varous benchscale 

dewatering tests conducted 

sample is shown In Figure 13. Hawley Road Is only a small demonstrationtreatment 
facility and treats less than 4% of the CSO at ts outfall loca¬ton. 

Based on publshed data (20) It Is Indicated that the flotatonscum 
volumes requirng handling and/or treatment would be approximately0.7% of 

the raw CSO volume treated and are comparable to the correspondingresdual 
sludge volumes for Racine and San Francsco flotaton scumvolumes as 

dscussed n Secton V. The flux concentraton curves for thegravity thckenng 
tests for ths sludge are shown In Fgures 14 and 15The sludge was found to 
be amenable to gravity thckenng and underflowsolids concentrations 
of 8 to 0% could be acheved. Addton of floccula¬tng chemicals aded in 

the gravty thickenng by provdng Improved massoadng rate (from 200 to 300 
m (40 to 60 Ibs/sq ft/day) @10%solds) as shown In the flux curves. 

Optmum 
chemcal was found to be a polyelectrolyte, C-41. at a dosage of 4 to 

5 kg/m ton (8 to Ibs/ton).44 
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(Hawley 

Road) bench scale dewatering tests46 







The results of flotation thckenng tests are hown In Fgure 16, Wthoutthe 
ad of any chemicals, scum concentratons of up to 15% could be expectedat a solds loadn rate of approxmately 75 kg/sq mday (15 Ibs/sq ft/day).Hwever, use 

of an poyelectrolyte, 3A3, provded a scumconcentraton of 0-11% at 
sgnfcantly hgher loadng rates of the orderof 250-350 kg/sq mday (5070 Ibs/sq 

Optmum recycle rates rangedbetween 350 and 400%.Centrlfugatlon test rsults 
are shown In Table 

13. 
Agan, pror gravtthckenng and chemical ddton (0.2 kg/m ton, Atlasep 

3A3) helped to provde mproved cake solds. aw scum yelded a cake solds concentraton 
Inthe rang of 19 to 23% whle chemcally treated and sludge(feed 

concentraton 9-10% olid) yelded cake sold of approxmately 22to 30% upon 
centrlfugatlon Optmum solds recoveres were acheved atgravtatonl forces 

between 700 and 1,000 G and spn tme between 60 and120 seconds.Vacuum 
filtraton tests on ths sludge were conducted on gravty thckenedsaples havng 

a feed sods 

concentrton of 10.3%. The test results areshown In Table 14. Funnel tests 
showed that a chemcal combnationof lime (95 kg/m ton) and Atlasep 3A3 

(0.8 
kg/m ton) provded optmum testresults Cake solds of up to 30% were acheved 
under optmu chemcalcondtons. Optmum yeld rates of 50 kg/sq (10 Ibs/sq 

wereacheved at 375% submergence.San Francsco, CAA treatment schematc 
of the various bench sale tests conducted on theSan Francsco sludge 

sample 
s In Fgure 17 The grab 

sample 
ob¬taned for 

bench tests had a suspended solds concentraton of 2.25%as compared to 
the flotaton scum sample for Hawley Road at 365%solds. The flux 

concentraton 
curve for the gravty thckenng testsfor thssludge shown In 

Fgure 
18. The results showed genrally poorsettlng charcterstcs. 

Chemcal 
coagulants were necessary for anymeanngful gravty thckenng results. 

Even wth the ad of chemcalcoagulants (up to 12 ton of Atlasep 105C, 
a polyelectrolte).the sludge was only to a level of 2 to 3% solds 
at low massloadngrates of 50 to 70 kg/sq m/day (10-14 Ibs/sq ft/day). 

Atsgnifcantly reduced loang rates of the order of 10 to 20 kg/sq m/day(2 
or 

4 •Ibs/sq ft/day), thckenng up to 4% solds may be posble Itwas 
Indcated 

that such poor performance for gravty thckenng may bedue to 

the alum treatment of CSO utled at ths treatment facltyThe results of 
flotaton thckenng tests are shown In Fgures and 20.Scum concentratons of 

up to 5 to 6% sold could e ahevd at massloadng rates between 50 to 100 
kg/sq mday (1020 Ibs/sq ft/day) andrecycle rates between 350 and 

450%. 
Wth the ad of Atlasep 105C(0.4 to 0.5 ton dosage), maxmum concentraton 

of only 75 soldswas possible at smlar mass loadings and recycle 
rates. (It should benoted that the Atlasep 105C polymer used here has 

snce been dscontinuedfor producton by the manufacturer but any 
equivalent polymer shouldprovde comparable performance). Centrfuge test 

data for the49 
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DISSOLVEDAIFLOTATIONSCU2.25%SLIDSGRAVITYTHICKENING 

105C 

POLYMER.25 kg/m 

tonFLOTATIONTHICKENINGLIME440 

kg/m 

tonVACUUM 
105C 

POLYMER0.5 
kg/m 

ton 

CENTRIFUGATIONFgure 
17. San 

Francisco, CA, - 

bench 

scale tests53 
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20. Flotaton thckening results 

for San Francsco. CAdssolvedar flotaton sludge - wth 
chemcals(al 

tests at 370% recycle rate for thckenng)56 



San Francisco ampe s presented In Tabe 15. Without chemical treat¬ment, 
the sludge showed poor ab1Ity characteristcs and coud beconcentrated 

only to about 7-8% solds. However concentratons 11% solds were achieved 
when chemcal treatment wth Atlasep 10C(0.5 kg/m ton) was utlzed. 

It was Indicated that the treatedsludge could be treated with both the 
scroll and basket type centrfuges.Marked mprovemet n the clarity was also 

acheved wth chemcalclarfcaton.The results of the vacuum ftraton tests are 
shown in 

Table 

16. Funnel tests Indicated that best filtraton results were obtaned 
wtharge dosages of lime (350 to 450 kg/m on) instead of the poly¬eectrolyte, 

Atlasep 105C tha had shown optmum results for other dewaterngtechnques. 
A 3 x 1 twi weave flter meda provided the best cake dschargecharacteristcs 

wth lme treatment The loadng and yield rates shownn Table 16 are based on 
dry weght of sludge solds. Cake solids of approxmately 18% for a yield 

of 15 to 20 kg/sq (3 to 4 Ibs/sq wereachieved for the thckened sludge.Treatment 
Costs for Physcal/Chemical CSO SludgesA summary of the estmated 

area 
and cost requirements of various 

dewaterngtechniques under optmum treatment 
condtons 

for Physcal/Chemcal CSOsludges s shown n Table 17 As mentoned earier 
for storage treatmentthe total costs shown include the amortzaton of 

captal 
costs and thehaulng cost of the ultimate treatment resduals from the 

ste along withother operatng costs such as labor, chemcal, maintenance 
power, etc.Detals of these cost estmates and the assumptons made to arrve 

at themare presented In Appendx C. It Is evdent that generally 
centrifugatonalone or In combnaton wth gravty thckenng are the optmum dewateringsteps 

based on performance area and cost requirements For Racne and 
SanFrancisco, basket type centrfuges were considered for cost caculatonsbased 

on the results of the feasiblity tests. It Is interestng to notethat the 
total cost of gravty or flotaton thckenng s significantly morethan 

centrifugaton 
or vacuum ftraton even when the atter are Incombnaton wth the 

former. The reason for such a dfference stems fromthe haulng cost of the ultimate 
treatment residuals, whch are sgnfcantlylarger in volume for 

gravty thckening and flotation thckenng compared tothe resdua volumes after 
centrifugaton or vacuum filtraton. For SanFrancsco, the cost results of 

centrlfugatlon and vacuum ftration are close;while vacuum filtration edges out 
centrlfugatlon n thickened soldsperformance. Ths may be due to the nature 

of the raw sudge because of theuse of alum treatment at San Francisco, compared 
to ferrc chlorde treatmentat Racne and Mlwaukee (Hawley Road).C. 

BIOLOGICAL TREATMENTSludge samples from two sites usng bologcal treatment 
were procured. Boththese stes are operated durng wet-weather as well as 

dry-weather. 
A wet-weather sludge sample 

was 

procured from Kenosha, 

where the contact stabl¬zaton activated sludge process is utlzed. Four 
sludge samples were procured57 
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from the prmary and secondary at New Provdence, NJ wheretrcklng 
fltraton treatment Is utlzed during both the wet and dry-weather reatment 

perods.Kenosha, WlA 
treatment 

schematc 

of the bench scale dewaterng technques Investi¬gated at Kenosha s shown 
in Figure 2. The averge quantity of sludgerequirng handlng and/or 

treatmnt on a per storm basis was estmated tobe cu (22,600 gal.) at a 
supended solds concentration of 0.8 to1.0 solids. These values are based 

on publshed data (12) and analytcalresults obtaned durng ths study. The 
flux concentraton curves for thegravity thckenng tests are shown In Fgures 

22 and 23. These curvesrepresent the test data without chemcals and 
wth chemcals respectively.As can be seen from these curves, ths sludge 

showed poor amenabilty togravity thckenng both with and without chemical 
aids. Sludge concentra¬tions of less than 2% solds could be acheved at low 

solids loadngs I-20 kg/sq mday (2- Ibs/sq ft/day). Such performance of a 

bologicalsludge s smlar to gravty thckenng performance of conventional 
dry-weather bologcal sludges.The flotaton thckenng test results are 

shown n Fgures 24 and 
25.Optimum 

recycle rate was found to be approximately 200. Chemcal dosagetests 
were conducted usng C3» polyelectrolyte andAtlasep 3A3» an an 

Ionc polyelectroyte based on chemcal screening tests.The caton polymer, 
C"3» produced optmum results and concentrations of4 to 5% solds could 

be 
acheved at mass loadng rates of 50-00 kg/sq m/day(10-20 Ibs/sq ft/day).ata 

on the centrlfugatlon tests for the Kenosha sludge sample Is shown InTable 
18. Bench test 

procedure 

for a scroll type centrfuge ndcated poorIty as evdenced by the zero 
resstance to penetraton of the sludge In all tests. Chemcal ads dd not provde 

any Improve¬men In test results both In terms of cake solds, clarty 

or of the sludge. Therefore, It was concluded thatscroll type cenrfuge 
ould 

not be applcable he bological sludge atKenosha. Hwever a basket 
type centrfuge s expected to produce postveresults as evdenced by the cake 

solds up to 9% for sludge(test no. 8) under optmum test condtons of 10QOG 
and 120 seconds deten¬ton tme. A combnaton of flotaton thckenng and 

centrfugation ddnot provide any improvement n the test results for a scroll 
type centrfuge.The results of vacuum fltration tests are shown in Table 

9. 
Because ofthe dilute nature of the raw sludge, all fltraton tests were 
conductedafter flotaton thckenng of the raw sludge to a level of 3.1 

solds.Chemcal 
dosage screenng tests on a Funnel showed that a chemical of 160 

kg/m ton (220 Ibs/ton) ferric chlorde and 28 kg/m ton(256 Ibs/ton) lme 
provided optimum filtration results of the varous filtermedia investgated, 

best cake discharge characterstcs were obtained withthe 4/1 satin nylon 
lament cloth. Cake solds of up to 15 for ayeld of approxmately 18 kg/sq 

(3.6 Ibs/sq were achieved underoptimum test condtions.61 
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